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BLOCKING IN PARTIAL DIALLEL CROSSES
D. R. Aneja and L . S. Kaushik
c.C.S, Haryana Agricultural University,
Hisar (Haryana) -India.
ABSTRACT
Generally the parents are included in the experimental material for combining ability
analysis for comparing the performance of crosses with parents and also for calculating
heterosis. But unfortunately the parents are ignored for combining ability analysis because
of non-availability of analysis procedure. Method of analysis of partial diallel crosses in
incomplete blocks for the method -2 of Griffing (1956) has been given.
Key words: Partially Balanced Incomplete Block Design, Mating and Environmental Design,
partial dialled cross, dual design, n-ary design.
1. Introduction:
Diallel cross experiments consisting of all possible single crosses are conducted in
plant and animal breeding experiments to estimate combining abilities of lines and variance
components required for genetical investigations. These experiments whether Complete
Diallel Cross (CDC) or Partial Diallel Cross (PDC) have been evaluated using Completely
Randomized Design (CRD) or Randomized Block Design (RBD) . In most of the cases
however, the number of crosses becomes large enough to be included in one single
homogeneous block of RBD . It is for this reason that the need of evaluating the PDC in
Incomplete Block Design (IBD) was felt by Agarwal and Das (1990) , Givecha and Ghosh
(1994) and Singh and Hinkelmann (1995) .
Work done on PDC mostly pertains to Method -4 of Griffing (1956) , wherein
parents and reciprocals are ignored. But in actual practice, parents are also included in the
experimental material for comparing the performance of crosses with parents and for the
calculation of heterosis etc. , but are ignored for combining ability analysis, - a practice which
is not free from objection. So to remove these objections on the one hand and to meet the
requirement of breeders on the other hand Kaushik and Puri (1985), for the first time, gave
the analysis ofPDC by including the parents in the sampled crosses. Singh and Hinkelmann
(1995) have shown how the same Partially Balanced Incomplete Block Design (PBIB) can
be used both for constructing the mating design (the PDC ) and the environmental design
to evaluate the crosses of the PDC. It is proposed to show in this paper how the dual design,
if used, as an environmental design, is also helpful for evaluating the crosses of the PDC
pertaining to Method -2 of Griffing (1956) .
2. Construction
It is well known that there exists a relationship between complete diallel crosses
(CDC) and Balanced Incomplete Block Design (BIBD) and between partial diallel crosses
(PDC ) and PBIB designs with two plot blocks. So for the sake of completeness, we define
an association scheme and then a PBIB design.
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Definition 1: Association Scheme
Given 'v' symbols (treatments) 1,2, ... v, a relation satisfying the following conditions is said
to be an association scheme with 'm' classes.
(i) Any two treatments are either first or second, ..... or m-th associates, the relation of
association being symmetrical: i.e if a treatment a is i-th associate of ~ , then ~ is also
i-th associate of a.
(ii) Each treatment a has Tl; i-th associates, the number 11; being independent of a .
(iii) If any two treatments a and ~ are i-th associates, then the numbers of treatments that
are j-th associates of a and k -th associate of~, is Pj k i and is independent of the pair of
i-th associates a and ~ ..
Given any association scheme for the 'v' treatments, we can define a PBIB design as
follows:
Definition 2 : PBIB design
Given an association scheme with 'm' classes, we can have a PBIB design if the 'v'
treatments are arranged into 'b' sets (blocks) each of size k « v) such that
(i) Every treatment occurs at most once in a set.
(ii) Every treatment occurs in exactly 'r' blocks.
(iii) If two treatments a and ~ are i-th associates, then they occur together in Ai blocks, the
number \ being independent of the particular pair ofi-th associates, a and ~,
Based on different association schemes, PBIB designs are classified into (a) group divisible
designs (b) triangular designs (c) latin square type (d) cyclic designs, etc.
Definition 3 : Triangular PBIB Design
A PBIB design with two associate classes is said to be triangular if the number of treatments, v
= n(n-l)/2 and the association scheme is an array ofn rows and n columns with the following
properties:
(i) The positions in the principal diagonal are left blank.
(ii) The n(n-l )/2 position above the principal diagonal are filled by the numbers
1,2 ... n(n-l )/2, corresponding to the treatments.
(iii) The n (n-l )/2 position below the principal diagonal are filled so that the array is
symmetrical about the principal diagonal.
(iv) For any treatment 'i' the first associates are those that occur in the same row or in the
same column as i.
We shall illustrate the construction of the design with the help of an example:
Consider an association scheme for a triangular PBIB design with, v=6

x
1
2
3
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The first and second associates of this scheme are
2nd Associates
1st Associates
Treatment
2,3,4,5
1,3,4,6
1,2,5,6
1,2,5,6
1,3,4,6
2,3,4,5
;'1 = I and

2

3
4
5
6

Taking

6

5
4

3
2
A2 =

°

where Al (~) is the number of times two treatments which are first (2nd) associates, occur
together in a block;
the incidence matrix N of the corresponding PBIB design with block size, k=2; number of
blocks, b= 12; and number of replications, r=4, is given by,

1 1 100 0 0 0 0 0 0
1 000 1

o
o

N

1 001 001

0

000

o

Or

N

=

(11;)

1 0 0 0 0 0

o

0

000 1 1 0

000 1 0 1 0 1

0 0 0 0 0

11;J =

000

o

o

1 1

Indicate the number of times i-th treatment
occurs in j-th block and I1;j = 0, I

and this N is also the incidence matrix of the PDC involving 6 parents with sampled crosses
as follows
[x2,
2x6,

lx3,
3x5,

Ix4,
3x6,

Ix5,
4x5,

2x3,
4x6,

2x4
5x6

Now in addition to the first associates each line is crossed to its Zeroth associate as well
where O-th associate is the line itself, then we get design DI (say). Clearly number of
sampled crosses in this design will be p (nl 12 + I) or p (s/2 -+- 1) where 'nl' is the number of
first associates and's' is the number oflines each line is crossed with So each line will occur
(s+2) times. The incidence matrix of this design will be obtained by supplementing with the
blocks (1,1), (2,2) ...... (p,p) . Hence incidence matrix N* is given by:
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1 1 1 1 0 000 0 0 002 0 0 0 0 0
I 000 1 1 1 0 0 0 0 0 0 2 0 0 0 0
0 0 0 1 001

N·

1 0 0 0 0 0 2 000

o 0 1 0 0 I 000 I I 0 0 0 0 2 0 0
o 0 002 0
000 I 000
0 I 0

o

0 0 0 0 0

o

0 I 0

0 0 0 0 2

Now we have no = p (s+2) / 2 crosses and these are to be evaluated in some IBO or
environmental design - the design to be used to evaluate the crosses in environmental
conditions. Theoretically speaking these sampled crosses can be accommodated in any
incomplete block design in which number of treatments is p (s+2) / 2, i.e same as the number
of blocks in design 0 1 . Specifically we can use dual of the design 0 1 as IBD for POC
pertaining to method-2 of Griffing (19S6). Parameters of this design are v = nO' b = v = p
and k = r+ I
The resultant design happens to be a Partially Balanced n-ary design as defined by Tocher
(I9S2). So it can be analysed with the help ofPBIBD
The design layout for the above example is as follow
Block No
I
2
3
4
5
6

Ixl
lx2
Ix3
lx4
IxS
2x6

Crosses
Ix2 Ix3
2x2 2x3
2x3 3x3
2x4 4x4
3xS 4xS
3x6 4x6

Ix4
2x4
3xS
4xS
SxS
Sx6

Ix5
2x6
3x6
4x6
Sx6
6x6

Simply put all those crosses in the same block having some common parent

3.

Model and Estimation:
We take the following fixed effect model for data in PDC,
(3 I)

:s:

j

I,J

=

1,2, .. p;

1

=

1,2 .. b

where Yijl is the yield of the cross involving the lines i and j in the I-th block of the design,
gi (g) refers to the general combining ability (gca) of line i (i = I, 2 .. p) , 131 is the I-th
block effect and eijl is the residual error effect comprising of specific combining ability and
the experimental error assumed to be distributed as N (0, cr 2 ) The parameters of the model
are estimated by the least square theory of estimation and with the usual restrictions L gi
= 0, L 131 = 0, the normal equations for gca and block effects are as follows:
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(3.2)
(3.3)

where Yi. is the yield of all those crosses where the i-th line is one of the parents, BI is
the yield of the crosses in the l-th block , Sl (gJ is the sum of gca effects oflines which
are first associates to the i-th line in the PBm (mating design) , BI is the effect due to l-th
block and nil is the frequency of i-th line in l-th block.
From equations (3.2) and (3.3) , after solving, we get the following reduced
normal equations for gi ' S •
[2(s+I)where Qi

~/s+l]
=

gi + (2 -1l:/s+1) Sl (gJ -

Yi -1Is+ 1 L

~

TC 2

S 2 (gJ Is+l

(3.4)

01

~=

column sum of squares of the design matrix, say, N I = (l1il )
rl",j, m =/:::. i, m & i being 1st associates
TC 2= L ll;j nmj , m =/:::. i, m & i being IInd associates
TC I

= L I1;j

The above equations have the same form as that in the PB m designs for
treatments. These can be solved exactly as in general PBm design.
After solving (34) we get the estimate of gj'S as below

BI2Q(AI2SICQt)

(35)

BI~II-AllllI

where,

All

=

2 (s+ 1) -

(~

-

All

=.

2-

T( 2 )

1 s+ 1

(TC 1 -

TC o )

Is+ 1

BII

2
Al2 (nl - PII )

BI2

2
All + AI2 (PIII_ PII)

Qi-

y I..

- L

ll;}

B l /s+l

SI (Qi) = the sum of Q values for the first associates of i-th treatment.
Also the variance of the difference between gca's of two parents is given by,

2(B I2+A I2 )

Bl~II-AllllI
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_ _2BI2
___0 2

B 1z-4I1-A I~ 11

where i-th and j-th lines are not crossed being the
second associates,

g 'Q
S. Shloeks

LBI2 /s+1 - Y

with (p-I) df

2/ N with (p-I) df

Example (Contd.) . The incidence matrix of the design as given in section 2, is given by,

5

0
5

0
5 0

o
o
o

5
5
5

Here, fl = 29, 71: 1= 14, 71:2 = 4
also
PIli
=2,PI/=4
hence All = 5, AI2 = 8/5, BlI = 0 and
BI2 = 9/5
therefore V(KI-K2) = 17 (J 2/36 where lines 1 and 2 are first associates,
and
V(KI- K 2) =
(J 2/ 4
where lines 1 and 6 are second associates

SUMMARY
Partial Diallel Crosses (PDC) are based on PBIB designs with two plot blocks
The dual of this PBIB leads to the incomplete block design for PDC ( Singh &
Hinkelmann, 1995) the present paper gives the analysis of PDC corresponding to
method-2 of Griffing (1956) in Incomplete Block Design This amounts to putting all the
crosses in one block which have some common parents. The analysis is similar to the
general analysis of PBIB designs.
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